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IN THE CLAIMS 



1.-12. (Previously Canceled) 



1 3 . (Currently Amended) | A memory system comprising: 
a memory controller; 

a unidirectional command and address bus coupled to the memory controller, the memory 
controller communicating cormmands and addresses to the command and address bus; 

a bidirectional data bus coupled to the memory controller, the memory controller 
communicating data information to the bidirectional data bus for a write operation and receiving 
the data information from the bidirectional data bus during a read operation; 

a plurality of N memorv modules, wherein each of the memory modules includes: 
a plurality M of memory devices, wherein each memory device internally 
contains a data in and a data out puffer, a column decoder and a row decoder; 

a first register connected between the command and address bus and the plurality 
of memory devices, the first register receiving and latching the commands and addresses from 
the command and address bus anq driving the commands and addresses to the plurality of 
memory devices; and 

a second, data register connected between the plurality of memory devices and the 
bidirectional data bus, the data register receiving and latching the data information from the 
bidirectional data bus and driving the data information to the data in buffers of the plurality of 
memory devices for a write operation, the data register receiving and latching the data 
information from the data out bufferslof the plurality of memory devices and driving the data 
information to the bidirectional data bus for a read operation; 

a socket adapted to receive the memory module and to couple the memory module to the 
unidirectional command and address bms and to the bidirectional data bus; and 

wherein a first load on the comi land and address bus is equal to N devices and a second 
load on the data bus is equal to N devices where the total number of memory devices is N*M. 



AMENDMENT AND RESPONSE UNDER 37 CFR § 1.116 - EXPEDITED PROCEDURE Page 3 

Serial Number: 09/434,654 Dkt: 303306US4 

Filing Date: Novembers, 1999«filedDate» 

Title: PIPELINED PACKET-ORIENTED MEMORY SYSTEM HAVING A UNIDIRECTIONAL 
COMMAND AND ADDRESS BUS AND A BIDIRECTIONAL DATA BUS 

14. (Previously Amended) The* nemory system according to claim 13 wherein the memory 
controller communicates the comn ands and addresses and the data information using a pipelined 
packet-protocol which incorporates a first delay introduced by the first register of the memory 
module and a second delay introduced by the data register of the memory module. 



15. (Original) The memory system 



according to claim 13 wherein each memory device is a 



dynamic random access memory dek^ice. 



16. (Original) The memory system according to claim 13 wherein M equals 8. 



17.-31. (Previously Canceled) 



32. (Previously Amended) A method of storing data in a pipelined memory system, wherein 
the pipelined memory system includesla memory module, a socket, and a plurality of memory 
devices, wherein each memory device mcludes addressable storage, a data in and a data out 
buffer, a column decoder, and a row deioder, and wherein the socket couples the memory 
module to a unidirectional command address bus and to a bidirectional data bus, the method 
comprising: 

inserting the memory module in the socket; 

communicating commands and adpresses, through the socket to the memory module, on 
the unidirectional command and address btus; 

communicating data, through the sicket to the memory module, on the bidirectional data 



bus; 



decoders; 

driving the latched data to the data 



latching the commands and addresses in a first register; 
latching the data in a data register; 
driving the latched commands and addresses from the first register to the colunm and row 



hi buffers; and 
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storing the data from the data in puffer in the addressable storage of one of the pluraUty 
of memory devices. 



33. (Previously Amended) The methojd 
addresses and communicating data 
first delay introduced by the first registe * 



of claim 32, wherein communicating commands and 
incluHes executing a packet protocol which incorporates a 
and a second delay introduced by the data register. 



34. (Previously Amended) A method of reading data in a pipehned memory system, wherein 
the pipelined memory system includes a memory module and a socket, wherein the socket 
couples the memory module to a unidirectional command and address bus and a bidirectional 
data bus, the method comprising: 

inserting the memory module inlthe socket; 

communicating commands and Addresses, through the socket to the memory module, on 
the unidirectional command and address bus; 

latching the commands and addresses in a first register; 

driving the latched commands and addresses to a plurality of memory devices having 
addressable storage, wherein each memory device includes a data in and a data out buffer, a 
column decoder, and a row decoder; 

communicating data from the addi|essable storage of one of the plurality of memory 
devices; 

latching data in the data in and a dita out buffer; 
latching the data in a data register; and 

communicating the data, through thjp socket to a memory controller, on the bidirectional 
data bus. 



35. (Previously Amended) The method or claim 34, wherein communicating conmiands and 
addresses and receiving data includes execuiing a packet protocol which incorporates a first 
delay introduced by the first register and a second delay introduced by the data register. 
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36. (Previously Amended) A memory m ^dule comprising: 
a data register; 
a first register; 

a plurality M of memory devices, w lerein each memory device internally contains a data 
in and a data out buffer, and further contain 5 a column decoder and a row decoder, wherein the 
data in buffer receives data information fi"om the data register and wherein the column decoder 
and row decoder receive address informatic n from the first register; and 

a connector, wherein the connector ncludes command and address lines coupled to the 
first register and data lines coupled to the data register, wherein the connector is capable of being 
connected through a socket to a unidirectio lal command and address bus and a data bus. 



37. (Previously Amended) The memory 
and the data information are communicated 
first delay introduced by the first register 



38. (Previously Added) The memory modu 
dynamic random access memory device. 

39. (Previously Added) The memory modul 



module of claim 36, wherein the address information 
according to a packet-protocol which incorporates a 
a second delay introduced by the data register. 



ard 



e of claim 36, wherein each memory device is a 



of claim 36, wherein M equals 8. 



40. (Previously Amended) A method of st mng data in a memory module having a connector, 



wherein the connector includes command anc 



unidirectional command and address bus; 

receiving data, through the data lines, 
latching the commands and addresses 



address lines coupled to a first register and data 



lines coupled to a data register, wherein the c )nnector is capable of being connected through a 
socket to a unidirectional command and addn ss bus and a data bus, the method comprising: 

coupling the connector to the socket; 

receiving commands and addresses, through the command and address lines, from the 



Tom the data bus; 
the first register; 
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latching the data in a data register; 

driving the latched commands and addresses to a plurality of memory devices having 
addressable storage; 

driving the latched data to thfe plurality of memory devices; and 
storing the data in the addressable storage of one of the plurality of memory devices. 



4 1 . (Previously Amended) The 
the data is communicated according 
introduced by the first register and a 



nlethod of claim 40, wherein the commands and addresses and 
to a packet-protocol which incorporates a first delay 
second delay introduced by the data register. 



42. (Previously Amended) A met lod of reading data in a memory module having a 



connector, wherein the connector inc 
and data lines coupled to a data regis 



ludes command and address lines coupled to a first register 
ter, wherein the connector is capable of being connected 
through a socket to a unidirectional command and address bus and a data bus, the method 
comprising: 

coupling the connector to the socket; 

receiving commands and addr^ses, through the command and address lines, from the 
unidirectional command and address b^s; 

latching the commands and addresses in a first register; 

driving the latched commands apd addresses to a plurality of memory devices having 
addressable storage; 

reading data from the addressable storage of one of the plurality of memory devices; 
latching the data in a data in and out buffer of the one of the plurality of memory devices; 
latching the data from the data in 
plurality of memory devices; and 



conununicating the data from the 



md data out buffer in a data register associated with the 
(lata register, through the data lines, to the data bus. 
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43. (Previously Amended) The method 
the data is communicated according to a 
introduced by the first register and a second 



claim 42, wherein the commands and addresses and 
pajbket-protocol which incorporates a first delay 
delay introduced by the data register. 



communicating data information to the bid 
the data information from the bidirectional 
a plurality of N memory modules, v\ 



system comprising: 



44. (Previously Amended) An electronic 
a microprocessor; 

a memory controller coupled to the microprocessor; 

a unidirectional command and address bus coupled to the memory controller, the memory 
controller communicating commands and c ddresses to the command and address bus; 

a bidirectional data bus coupled to i he memory controller, the memory controller 

rectional data bus for a write operation and receiving 
data bus during a read operation; 
herein each of the memory modules includes: 
a plurality M of memory de\jices, wherein each memory device contains a data in 
and a data out buffer; 

a first register connected betA^een the command and address bus and the plurality 
of memory devices, the first register receiving and latching the commands and addresses from 
the command and address bus and driving thq commands and addresses to the plurality of 
memory devices; and 

a data register connected between the plurality of memory devices and the 
bidirectional data bus, the data register receiving and latching the data information from the 
bidirectional data bus and driving the data information to the data in buffers of the plurality of 
memory devices for a write operation, the data register receiving and latching the data 
information from the data out buffers of the plurality of memory devices and driving the data 
information to the bidirectional data bus for a reap operation; 

a pluraHty of sockets adapted to receive the plurality of memory modules and to couple 
each memory module to the unidirectional command and address bus and to the bidirectional 
data bus; and 
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wherein each of the command and address bus and the data bus support N*M memory 
devices and only experience a load of N rej ;isters. 

45. (Previously Amended) The electrode system of claim 44, wherein the memory controller 
communicates the commands and addresses and the data information using a pipelined packet- 
protocol which incorporates a first delay introduced by the first register of the memory module 
and a second delay introduced by the data register of the memory module. 



46! (Previously Added) The electronic 
dynamic random access memory device 

47. (Previously Added) The electronic 



system of claim 44, wherein each memory device is a 



wherein the socket couples the memorj 
and a bidirectional data bus, a method f 
comprising: 

inserting the memory module in 
communicating information to 



ystem of claim 44, wherein M equals 8. 



48. (Previously Amended) In an elec tronic system having a memory controller, a memory 
module, wherein the memory module includes a plurality of memory devices, and a socket, 

module to a unidirectional command and address bus 
storing data in one of the plurality of memory devices 



the socket; 

he memory controller, wherein the memory controller 
receives the information and wherein t le memory controller issues commands and addresses to 
the unidirectional command and address bus; 

1 and addresses from the unidirectional command and 
memory module; 
; memory controller to the bidirectional data bus; 
! he bidirectional data bus to the memory module; 



conununicating the commands 
address bus, through the socket, to the 
communicating data from the 
communicating the data from 



latching the commands and addresses in a first register; 



latching the data in a data regi 



3ter; 
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driving the latched commands and addresses to the pluraUty of memory devices having 
addressable storage, wherein each memo|-y device includes a data in and a data out buffer, a 
column decoder, and a row decoder; 

driving the latched data to the data in buffers; and 

storing the data in the addressable storage of one of the plurality of memory devices. 



49. (Previously Amended) The metnod of claim 48, wherein communicating commands and 
addresses and communicating data includes executing a pipeline packet protocol which 
incorporates a first delay introduced by the first register and a second delay introduced by the 
data register. 

50. (Previously Amended) In an electronic system having a memory controller, a memory 



includes a plurality of memory devices, and a socket, 
y module to a unidirectional command and address bus 
of reading data from one of the plurality of memory 



module, wherein the memory module 
wherein the socket couples the memo 
and a bidirectional data bus, a methoc 
devices comprising: 

inserting the memory module [in the socket; 

communicating information to the memory controller, wherein the memory controller 
receives the information and wherein the memory controller issues commands and addresses to 
the unidirectional command and address; 

and addresses from the unidirectional command and 
memory module; 
latching the commands and ad(lresses in a first register; 

driving the latched commands and addresses to a plurality of memory devices having 
addressable storage, wherein each memory device includes a data in and a data out buffer, a 
column decoder, and a row decoder; 

communicating data from the addressable storage of one of the plurality of memory 



communicating the commands 
address bus, through the socket, to the 



devices; 



latching the data in the data out 



buffer; 
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latching the data from the data out 
communicating the data, through the 



biliffer in a data register; and 

socket to the memory controller, on a bidirectional 



data bus. 



5 1 . (Previously Amended) The method o 
addresses and receiving data includes ex 
first delay introduced by the first register 



and 



claim 50, wherein communicating commands and 
ecu^ing a pipeline packet protocol which incorporates a 
a second delay introduced by the data register. 



52. (Previously Amended) A memory syj tem, comprising: 

a unidirectional command and addreps bus in electrical communication with a memory 
control device; 

a bidirectional data bus in electrical communication with the memory control device; 
a pluraUty of N memory modules, w ierein each of the memory modules includes: 

a plurality M of memory dev ces, wherein each memory device contains a data in 
and a data out buffer; 

a first register connected betv^een the command and address bus and the plurality 
of memory devices, the first register receivir g and latching commands and addresses fi'om the 
command and address bus and driving the commands and addresses to the plurality of memory 
devices; and 

a data register connected between the pluraUty of memory devices and the 
bidirectional data bus, the data register receiv ng and latching data information fi-om the 
bidirectional data bus and driving the data inf )rmation to the data in buffers of the plurality of 
memory devices for a write operation, the data register receiving and latching the data 
information from the data out buffers of the plurality of memory devices and driving the data 



information to the bidirectional data bus for a 



ead operation; 



a plurality of sockets adapted to receiv 2 the plurality of memory modules and to couple 
each memory module to the unidirectional coi imand and address bus and to the bidirectional 



data bus; and 



i 
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wherein each of the command and 
devices and only experience a load of N re 



iddress bus and the data bus support N*M memory 
isters. 



53. (Previously Amended) The memory 
addresses and the data information 
incorporates a first delay introduced by the 
data register. 



system of claim 52, wherein the commands and 
commu^iicate using a pipelined packet-protocol which 

irst register and a second delay introduced by the 



54. (Previously Added) The memory systeip 
dynamic random access memory device. 

55. (Previously Added) The memory system 



a first register; 
a second register; 
a plurality M of memory devices, whe 



of claim 52, wherein each memory device is a 



of claim 52, wherein M equals 8. 



56. (Previously Added) A memory module having a plurality of pipelined memory subsystems, 
wherein each pipelined memory subsystem includes: 



ein each memory device contains a data in and a 



data out buffer, a column decoder, and a row decoder, wherein the data in buffer receives data 
information from the first register and whereio the column decoder and row decoder receive 
address information from the second register; and 

a connector, wherein the connector includes command and address lines coupled to the 
second register and data lines coupled to the first register, wherein the connector is capable of 
being connected through a socket to a unidirectional command and address bus and a data bus. 



57. (Previously Added) The memory module of :laim 56, wherein the address information and 
the data information are communicated accordir g to a packet-protocol which incorporates a first 
delay introduced by the first register and a second delay introduced by the second register. 
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58. (Previously Added) The memory module of claim 56, wherein each memory device is a 
dynamic random access memory device. 



59. (Previously Added) The meijfiory module of claim 56, wherein M equals 8 and the number of 
memory subsystems equals twc 



60. (Previously Added) The memory module of claim 56, wherein M equals 8 and the number of 
memory subsystems equals />ne. 



